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Abstract 
This study investigates the monetary value of time 
spent in virtual worlds in the context of 24 most 
popular MMORPGs. Building on classic economic 
theory, we approach this issue through a combination 
of theoretical modeling, experiment, and cross-
sectional time series data analysis. Our findings 
suggest that intensive social networking and flatter 
social hierarchy structures are associated with lower 
monetary value of time spent in-game. Further, two 
opposite network effects on the monetary value of in-
game time spent were observed: One is the positive 
network effect from the active user base; the other is 
the negative network effect from the intensity of social 
networking. Both are strengthened by steeper social 
hierarchy structures. The implication is that social 
networking and hierarchy structure can be two 
effective angles for game developers or policy makers 
to address the issue of real-money trading of virtual 
goods. 
 
 
“ The most important feature of synthetic world 
commodities is the way the costs of producing or distributing 
them are transformed. Many synthetic worlds, particularly 
those which follow the MMORPG model, have imposed 
scarcity, such that acquiring, making, or developing things of 
value demands significant amounts of time, …. As a result, 
the values for these commodities can bear a strong 
relationship to the amount of time required to make them”  
-- (Malaby 2006) 
1. Introduction  
 
The Internet has become an integral part of our 
lives. In 2007, a joint study by MTV and Microsoft 
revealed that young people in the UK spend 34 hours 
online each week, almost the equivalent of an average 
work week. 1  Similarly, the 2007 U.S. Consumer 
Online Behavior Survey conducted by IDC shows that 
                                                 
1 http://www.microsoft.com/uk/press/content/presscentre/releases/ 
2007/07/pr03846.mspx.  
those online spend about as much time on the Internet 
(32.7 hours/week) as for all other media combined.2  
More and more people are making a living by 
producing virtual goods on the Internet. 3  Without 
tangible substance, virtual goods exist in digital form 
only, produced through people’s online activities, e.g. 
through the generation of digital traffic or the provision 
of digital content. The production of virtual goods has 
risen further through the emergence and rapid 
evolution of virtual worlds – online and persistent 
virtual environments generated by computers, in which 
players interact through avatars, a textual or visual 
representation of themselves. By December 2008 more 
than 16 million people around the globe maintained 
active subscriptions to the most popular virtual worlds. 
Players in these worlds spend considerable time to 
acquire virtual coins or equipments for their in-game 
avatars. They trade those virtual goods via in-game 
marketplaces and auction platforms, and utilize or 
consume them for adventure, social networking, 
entertainment or any other form of self-fulfillment. 
The growing size of this virtual economy (and the 
resulting business opportunities), its global production 
cycles, and the simultaneity of production and 
consumption in virtual worlds has attracted sustained 
attention from business and academia.4 At the same 
time virtual goods markets pose a significant challenge 
to researchers desiring to measure the monetary value 
of virtual goods and their production cost in virtual 
worlds. In this study, we examine the determinants of 
the monetary value of virtual goods in the context of a 
large subset of virtual worlds, namely Massively 
Multiplayer Online Role Play Games (MMORPGs). 5  
                                                 
2 http://www.idc.com/getdoc.jsp?containerId=prUS21096308.  
3  As reported in a recent Wall Street Journal, 452,000 people in 
America are making a living as bloggers, a scale close to the number 
of lawyers in the country. 
4 According to VOIG (http://mmogdata.voig.com), the total active 
subscription base of MMORPGs has been surging from around 
10000 in 1997 to more than 15 millions in 2007, which accounts for 
only 4.35% of the popular MMORPGs listed in XFire  
(http://www.XFire.com/games). 
5 The spectrum of virtual worlds range from Massively Multiplayer 
Online Role-Play Games (MMORPGs) based on open-ended story 
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First, prior research has provided experimental 
evidence that the law of demand holds in MMORPGs 
[8]. Second, MMORPGs are based on provider-
generated content and an explicit hierarchy structure. 
Players, no matter how different they are in personality, 
brain power, or experience, must follow and are 
constrained by the games telos and the underlying 
story line [20]. This enables a controlled experiment on 
the individual level and minimizes time-irrelevant 
factors embodied in virtual goods. Further, in 
economic terms  the time spent obtaining virtual assets 
in a virtual world can be seen as a substitute to 
activities in the real world and other virtual worlds [2]. 
Hence, the value for virtual goods is strongly 
correlated to the amount of time required to produce 
them [19]. and the monetary value of time spent in 
virtual worlds turns into a reasonable measurement of 
the monetary value of virtual goods.  
Lastly, the existence of real-money trading markets 
(RMT) for virtual goods provides an economic linkage 
between the real and virtual worlds. Unlike 
conventional e-commerce where the Internet facilitates 
real-world transactions, these real-world marketplaces 
function as a channel to reallocate goods of production 
and consumption in virtual worlds. Thus measuring the 
monetary value of virtual goods can be shifted from 
consumption to transaction. In MMORPGs, most 
operators allow barter or virtual-currency based in-
game transactions between players. However, this pure 
exchange of virtual goods cannot satisfy all players’ 
needs due to their real world intrinsic heterogeneity. 
Since it takes a significant time commitment for 
players to acquire or make virtual goods, players with 
proportionally more money than time in the real world 
have an incentive to shortcut parts of the experience in 
virtual worlds [1]. As a result, a large number of online 
RMT markets for virtual goods have emerged. This in 
turn enables us to observe the time series of listed 
prices for virtual goods across various virtual worlds. 
Building on the theory of demand and supply in 
classic economics, we approach the research question 
through a combination of theoretical modeling, 
experiment, and cross-sectional time series data 
analysis. 24 most popular MMORPGs are incorporated 
in our study based on availability and considerable user 
base.  
We measure the monetary value of players’ in-
game time spent (for simplicity, we call it player’s in-
game value of time) by their hourly earning in virtual 
currencies. As an exchange medium for various virtual 
items within a virtual world, virtual currency provides 
                                                                           
lines and with developer-generated content (e.g., World of Warcraft) 
to those digital spaces without setting storylines and with user-
generated content (e.g., Habbo Hotel, Second Life). 
a uniform measure of virtual goods obtained through 
activities in a given virtual world and excludes any 
valuation pertaining to the usage of a specific virtual 
item. The price of one unit of virtual currency on the 
RMT market can be considered as the exchange rate 
between virtual currency and the real-world US dollar. 
By converting the hourly earning in virtual currency to 
the hourly earning in real dollars, we are able to create 
a common denominator across various MMORPGs. 
We further analyze the driving forces of demand 
and supply in the RMT markets and identify the factors 
that may affect player’s in-game value of time by 
solving the equilibrium between demand and supply. 
We then regress a player’s hourly earning in dollars on 
those factors in a panel data.  
Our findings show that players’ in-game value of 
time is relatively higher in virtual worlds with a larger 
active user base, with less intensive social networking, 
and a steeper social hierarchy structure. The social 
hierarchy structure has a further moderating effect on 
the other two. Therefore, there are opposite network 
effects on the monetary value of time spent in-game. 
One is the positive network effect from the active user 
base; the other is the negative network effect from the 
intensity of social networking. This implies that 
intensive social networking and flat social hierarchy 
structure may not increase the monetary value of time 
spent in virtual worlds. The underlying reasons may be 
(i) the non-transferability of social capital between 
virtual worlds, and (ii) that social equality reduces 
scarcity and hence discourages buyers’ valuation.  
This finding has important business implications. 
First, it questions the effect of interoperability efforts. 
IBM and Linden Labs have a joint project to integrate 
virtual worlds and minimize users’ migration cost.6 As 
our results point to the persistent importance of social 
capital in virtual worlds, it may not be enough to lower 
migration costs for users to switch from one world to 
another. Providers will also have to look at the effect 
on a switching user’s social capital.  
Second, game developers are striving to retain 
players and maintain a long game lifecycle. One of 
their core strategies is to add levels for avatars and thus 
attract existing players to continue playing the game7. 
By adding to the in-game social hierarchy, this strategy 
stimulates some players to shortcut gameplay through 
real money trading, thus creating the demand for gold 
farming. This in turn exacerbates the inflation in virtual 
worlds and reduces a game’s lifecycle [4]. Hence, 
adding hierarchy levels may not be an effective way to 
                                                 
6 http://www-03.ibm.com/press/us/en/pressrelease/24589.wss.  
7 Since higher level avatars are given more power and ability in game, 
it is considered as an achievement for players. For instance, since 
their launch of World of Warcraft, Blizzard has extended the highest 
level of their avatars from level 60 to 70, and from level 70 to 80. 
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retain players in the long run. Instead, we suggest game 
developers may be better off by enriching virtual 
content and facilitating players’ in-game social 
networking.  
The remainder of this paper is organized as follows. 
Section 2 summarizes the relevant literature on virtual 
communities, real money trading for virtual goods and 
the economic theory of purchasing power parity. 
Section 3 presents the theoretical model; Section 4 
introduces the experiment and reports the estimation 
results with robust tests; Section 5 summarizes the 
paper and discusses possible future research. 
 
2. Literature review  
 
This study is based on the extant literature of 
virtual communities in information systems, as well as 
basic microeconomics, and contributes to the emerging 
research stream on virtual worlds. 
Virtual communities can be categorized based 
purpose in those for transaction, interest, fantasy and 
relationship [10]. According to Balasubramanian’s 
definition [18], virtual worlds are virtual communities, 
resting on one of the four purposes identified by Hagel 
and Armstrong. 
Most generally, virtual worlds are an extension of 
the physical world. To businesses, they are burgeoning 
channels/media of marketing and distribution, and 
offer new business models; to individuals, they are 
substitutes of the real world activities; to regulators 
they create new domains of intellectual property 
ownership, taxation and related legislation [17].  
Unlike the counterparts in the real world, virtual 
assets generated in virtual worlds have no material or 
physical presence. Their value depends on scarcity in 
terms of the time required to create it [19]. For 
Ondrejka [1], virtual currency performs all three 
functions of real money: a medium of exchange; a 
measure of value and a store of value. At the same 
token, virtual currency is also subject to more serious 
inflation due to a limited life cycle. As a virtual world 
goes through stages to maturity, the relative number of 
new players is declining and the production capability 
exceeds the pace of consumption. Thus we witness the 
accumulation of excessive virtual assets [11].  
Real-money trading for virtual assets directly 
results from players’ evaluation of virtual assets and 
their heterogeneous opportunity costs on the time spent 
in virtual worlds [1][14]. In their study on MMORPGs, 
Huhh and Park [11] further identify that incentives of 
low-level players constitute the demand side of the 
trading market while high-level players are capable of 
supplying the trading market due to their superior 
ability in collecting or producing valuable items. 
Along with the rapid growth of RMT is the intense 
discussion about its impact on virtual worlds. Based on 
the practices in Korean game industry, Huhh [12] 
proposes a strong positive correlation between RMT 
and the commercial success of a virtual world. He 
empirically tests that the declining usage of Linage II – 
a popular Korean MMORPG – was affected by a drop 
in RMT returns [11]. Other researchers are less 
positive on RMT. Some consider RMT a disruption of 
game immersion [4], or accelerating inflation [1][4]. 
Instead of studying players and their transactions in 
RMT markets, Lehdonvirta [21] addresses virtual 
world providers’ economic integration strategy 
intervening in RMT. He considers a virtual asset 
market as the interface between a virtual economy and 
the real economy. Providers influence their economies 
by adjusting this interface. A provider’s economic 
integration strategy is defined by two variables. First, 
does the provider enter the RMT market, and if so, as a 
buyer, seller or both? By allowing trade to go on 
unabated, they can promote interaction and integration. 
By enforcing a trade embargo, they can promote 
isolation. By asserting a monopoly, they can exercise 
control over the interactions. Second, does the provider 
control the marketplace? If yes, it is likely centralized 
and easily regulated. If not, it may be distributed and 
less susceptible to provider regulation.  
Similar to [21], in this study we are also interested 
in the RMT market as the linkage between the virtual 
economy and real economy. The difference is that we 
focus on the economic implication exposed by this 
interface – the real dollar value of players’ time spent 
in virtual worlds as transferred into trading prices.  
 
3. Theoretical model and measurement 
 
To measure the monetary value of time spent in a 
MMORPG, we must know the amount in a virtual 
currency that a player can earn for one unit of in-game 
time spent and the exchange rate between the virtual 
currency and real dollar. Since time is the most 
important resource that determines a player’s in-game 
production, RMT markets, in essence, are marketplaces 
to exchange real dollars and in-game currency that 
represents time spent. Suppose the hourly earning in a 
MMORPG i in the form of its virtual currency is iω , 
and the exchange rate between its virtual currency and 
real dollar is ie , the price of hourly time spent in i is  
measured as: 
i i ip eω= .    (1) 
The laws of demand and supply state that in a 
clearing market, the price is determined by the 
intersection between the downward-slopping demand 
curve and upward-slopping supply curve [15]. 
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MMORPGs are owned by different providers and are 
digitally isolated in the sense that players cannot 
directly move their virtual belongings across virtual 
worlds. Hence we expect the RMT market is not 
perfect across MMORPGs and each MMORPG has its 
own demand and supply curves. The equilibrium price 
in a RMT market is the one at which the quantity of 
demand equals the quantity of supply. 
For a MMORPG, i, the demand curve of its in-
game time spent in the RMT market is: 
d
i i i iQ M E p= − ×   (2) 
where diQ is the quantity demanded, Ei is the demand 
elasticity, and iM  measures the market potential. 
Factors that may affect price elasticity of demand 
include, e.g. the necessity of the goods and price of the 
good as a proportion of income [15]. We denote these 
factors as E0 since they are similar across MMORPGs.8  
Next, only by playing in the game can buyers 
utilize the virtual items which they acquire on RMT 
markets. Thus price elasticity of demand is also 
affected by the cost to play a game, i.e., a recurring 
subscription fee, fiC . We expect a negative effect from 
it on the price elasticity of demand. 
The market potential Mi is affected by the potential 
buyers in RMT markets, the value provided by a 
MMORPG and the relative value of virtual goods 
listed on RMT markets compared to those from the  
primary market.  
The active user base of a MMORPG determines 
the limit of buyers in RMT markets. Further, players’ 
utility in a MMORPG increases with its active user 
base, Ni [15]. The intensity of the network effect, as 
studied by [6] depends on the social network structure. 
Unlike the real world, MMORPGs have a limited life 
cycle. As discussed in section 2, as a MMORPG gets 
older, more and more players advance to the highest 
level while the number of new players shrinks. The 
hierarchy structure composed of players from the 
lowest to highest levels, tends towards flatter or even 
an upside-down triangle. Thus the demand for virtual 
goods via RMT markets shrinks. We suspect a steeper 
social hierarchy structure, βi, is associated with the 
higher price of time spent in-game and has also a 
positive effect on the active user base.  
The intrinsic value provided by a MMORPG is 
positively related to the input from game providers, Ui 
and may differ depending on the theme of a game, Hi. 
It is negatively related to the static context fixed cost, 
Ci i.e., cost (if any) to purchase the software packet, 
p
iC , and hardware cost, siC . 
                                                 
8 The price of virtual currency may be different across games. But 
their difference as a proportion of income is ignorable.  
Note that the above factors affect the market 
potential in both the primary market and the RMT 
markets. The potential demand in RMT markets is 
further affected by the extent of substitution to the 
primary market. In other words, how many players 
RMT markets can attract away from the primary 
market depends on how much of in-game time spent is 
transformed into virtual goods listed on RMT markets. 
Although virtual goods bear a strong relationship with 
the amount of time required to make them [19], the 
time spent on social networking cannot be fully 
digitalized, nor transferred between players due to its 
interdependence with other players. All else equal, 
MMORPGs with more requirements on social 
networking, Wi, are supposed to have smaller market 
potential for RMT. The effect of social networking 
time is also subject to network effects. We further 
speculate positive network effects from longer social 
networking time, i iWβ × . 
In summary, the demand curve for in-game time 
spent can be further detailed as: 
( )
( )0
, , , , , , , ,
                                                   ,
d p s
i i i i i i i i i i i i i
f
i i i
Q M N N U H C C W W
E E C p
β β β= × ×
− ×
(3) 
We next consider the supply curve of in-game time 
spent for a MMORPG in the RMT market: 
s
i i i iQ F L p= − + ×   (4) 
where Li is price elasticity of supply and Fi is the fixed 
cost. According to Heeks [16], the supply in RMT 
markets is mainly from gold farmers9 in developing 
countries whose average income in the real world is 
much lower than the level in those developed countries 
with high demand on RMT. Hence the price elasticity 
of supply should be very high. Following the law of 
supply, the determinants of price elasticity of supply 
are related to supplier’s capacity, substitute markets, 
and factor mobility [15].  
Game providers control the in-game supply of 
virtual goods by setting the awards that players can 
receive per action, which we consider as the primary 
market of a MMORPG. Gold farmers’ production 
capacity cannot exceed the supply in the primary 
market which is constrained by computing power and 
digital storage, Di.10 Further MMORPGs with micro-
payments, Oi, have an incentive to limit the supply of 
                                                 
9 Gold farmers are players who play in-game with the purpose of 
maximizing their profits from selling their virtual items in RMT 
markets (Heeks 2008). 
10 This is because technically online gaming servers simultaneously 
process and coordinate real-time activities of a large number of users. 
As each server has limited computing power and digital storage, 
there is a capacity constraint in the number of client terminals and 
digi tal resources that  can be processed simultaneously. 
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listed selling items in order to protect them from 
depreciation. We expect the price elasticity of supply 
to be lower in MMORPGs with smaller Di and with 
micro-payments. 
To counter RMT markets run by third parties and 
to reap players’ surplus in transactions, many game 
providers have established in-game auction houses to 
facilitate the exchange of virtual goods. Thus we 
consider the setting up of an in-game auction house, Ai, 
is the substitute of RMT markets and is associated with 
higher price elasticity of supply. 
Fixed cost, similar to the user side, is related to 
software cost and hardware cost. It also includes 
operation costs, R0, for a gold farming company.  
In summary, the supply curve for in-game time 
spending can be further detailed as: 
( ) ( )0, , , ,s p si i i i i i i i iQ F C C R L D O A p= − + ×  (5) 
In equilibrium, d si iQ Q= . By jointly solving 
equations (2) and (4), we derive the market-clearing 
price for in-game time spending in RMT markets 
as:
( ) ( )
( ) ( )
0
0
, , , , , , , , , ,
, , ,
p ps s
i i i i i i i i i i i i ii i
i f
i i i i i i
M N N U H C C W W F C C R
p
L D O A E E C
β β β× × +
=
+
                                                                                    (6) 
which identifies the determinants of the price of in-
game time spent and the direction (negative/positive) 
of their impact. Based on the above analysis and 
equation (6), we deduce the following hypotheses: 
 
H1: A steeper social hierarchy structure is associated 
with a higher price of in-game time spent. 
H2.1:  The price for in-game time spent is higher in 
MMORPGs with a larger active user base. 
H2.2: A steeper social hierarchy structure has positive 
moderating effect on the active user base.  
H3.1: The price for in-game time spent is lower in 
MMORPGs with longer social networking time. 
H3.2: A steeper social hierarchy structure has a 
positive moderating effect on social networking. 
H4: The price for in-game time spent is higher in 
MMORPGs with more developer input. 
H5.1: The price for in-game time spent is higher in 
MMORPGs with higher cost of subscription fees. 
H5.2: The price for in-game time spent is higher in 
MMORPGs with micro-payment. 
H6: The price for in-game time spent is lower in 
MMORPGs with in-game auction house. 
H7: The price for in-game time spent is lower in 
MMORPGs with more computing power and digital 
storage. 
 
To test the above hypotheses using panel data, we 
assume a linear relationship between ip and its 
determinants: 
0 1 2 3 4 5
6 7 8 9 10 11 12 
i i i i i i i
i i i i i i i
p N N U H
C S D O A W W
α α α β α β α α
α α α α α α α β
= + + + × + +
+ + + + + + + ×
. (7) 
where 0R  and 0E  are absorbed into the constant term. 
Figure 1 illustrates (7) the hypothesized effects from 
each factor.  
Table 1 lists the measurement for each factor. 
Among them, we estimate the social hierarchy 
structure in a virtual world by the number of months 
from the first launch date. The longer the period, the 
flatter the social hierarchy structure.  
Note that information about the number of active 
players for each game is not directly available. 
Fortunately, XFire, a provider of a widely-used game 
plug-in, offers daily reports of the number of active 
players and the total number of gaming minutes for 
each game among the players who have installed XFire 
– a subset of the actual players. XFire has more than 13 
million registered players across over 1000 online 
games – a stratified sampling of the population of 
players in the world. Thus, numbers gleaned from 
XFire enable us to compare the relative user base 
across games.  
Furthermore, as one of the most active gaming 
communities in the world, XFire combines instant 
messaging, a server browser, peer-to-peer file 
downloads, in-game messaging, screenshot and video 
capture. Thus XFire samples actually have a bias 
towards players with more needs of in-game 
communication. This is a desired feature for our study. 
First, usage of XFire naturally filters gold farmers – the 
main suppliers in RMT markets. XFire’s user base 
mainly consists of players for fun – the potential 
buyers in RMT markets. Second, the average gaming 
minutes per player provide a reasonable measurement 
on the intensity of social networking in the game. 
 
4. Data  
 
We acquire the list of MMORPGs from 
MMORPG.com which provides the most 
comprehensive information about MMORPGs. Among 
more than 200 listed games, only 24 games are 
selected following the criteria that: (i) the game must 
be accessible to us via either Internet or local retailers; 
(ii) the game’s currency must be traded in RMT 
markets; (iii) the currency should not be controlled by 
the provider; (iv) the relevant data is available; (v) it is 
feasible for a beginner’s player to earn virtual currency 
5
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at the basic level. Referring to equations (1) and (7), 
the data collection consists of two parts. 
We first conduct a controlled experiment to collect  
the “domestic-currency” prices of a common product 
across various virtual worlds. In the context of 
MMORPGs, the only common product is a player’s in-
game productivity which depends on the specific game 
setting, the level of his avatar, and his gaming 
experience. Thus it is not feasible to find an accurate 
number to measure the overall productivity of players 
in a certain game. Further there is no uniform standard 
on the levels of avatars across games. Hence, it is not 
meaningful to survey game players by controlling the 
level of their in-game avatars. To minimize the impact 
of providers’ manipulation on players’ productivity, we 
choose beginner players as subjects and ask them to 
play from the lowest level. The brief steps in the 
experiment are reported as following: 
Step 1: 24 games were installed in computers 
located in a multimedia lab. A pilot study was 
conducted by three experienced players. The main 
tasks were: (i) to check if every game has a friendly 
tutorial for first-time players; (ii) to check for each 
game if the network connection to the game server is 
working; (iii) based on the results in (i) to (ii), to adjust 
initial game settings in each game in order to minimize 
the barrier for first-time players. 
Step 2: We advertised this experiment among 
undergraduates staying in university halls and 100 
undergraduates agreed to participate. Participants were 
ranging from people with experience in MMORPGs to 
people who had never played MMORPGs but just 
played games casually. The players were then 
randomly selected to play certain MMORPGs and 
there were 3-5 players for each MMORPG. This is to 
ensure a fair sample of players as real players in 
MMORPGs usually differ in skill level and gaming 
experience. 
Step 3: Players were asked to start playing with a 
newly created avatar. This was to prevent players from 
using their existing (higher level) avatars (of or have 
better items allowing them to earn virtual currency 
quicker. For players with no gaming experience on the 
assigned game, some basic tutorial or demo was 
provided to ensure that they were capable of an hour 
long smooth game play. Within one hour of gaming, 
players were asked to earn all the virtual goods they 
could for themselves.11  
Step 4: Near the end of the experiment, players 
were instructed to sell off all the items they had 
                                                 
11 Due to resource constraint and to attract more participants, we 
required only one hour for players to earn virtual currency. Thus the 
total experiment can be controlled within two hours including the 
pre-gaming tutorial and post-gaming survey, a time period 
acceptable by most of participants. 
acquired, either via in-game auctions or via Non-Player 
Character (NPC) traders. This was to standardize their 
productivity in virtual currency. We then recorded each 
player’s total earnings in virtual currency. 
Step 5: After the experiment, players were asked to 
complete a short survey on their demographics and 
game experience. This was to control for players’ 
personal characteristics that may affect their in-game 
productivity. 
Through the experiment, we got information about 
each player’s productivity/earning in virtual currency 
within one-hour playing time, iω , as used in equation 
(1). Two observations, as outliers, were excluded. 
We collected the other part of the data through 
various online sources as listed in Table 2 which 
reports the descriptive statistics. 
 
5. Estimation  
 
We first investigate a sectional dataset in which 
each unit represents the information of a player and 
her/his assigned game. Then robustness checks were 
conducted using panel data with cross-game and time 
series units. Referring to Figure 1 and equation (7), as 
a baseline, we regress the difference in the hourly 
earning in US dollars on the explanatory variables as 
listed in Table 2. The three variables on player’s 
gaming experience, perceived learning curve of the 
game, and gender control any effect caused by a 
player’s personal characteristics. Since all players were 
required to start playing using a newly created avatar 
and most of them did not have experience with the 
assigned games, players’ in-game productivity could 
be biased due to the different learning curves across 
games. Players’ productivity may be underestimated 
for games that require relatively longer learning period. 
We further remove variables that are highly correlated 
with others as shown in Table 3, e.g. pay to play, 
subscription fee and the number of servers. The results 
are reported in Table 4, column (a). It is clear that the 
estimate rejects the null hypothesis that all the 
coefficients of the model including the constant term 
equal to zero. Thus MMORPGs exhibit distinct in-
game value of time. Specifically, the results provide 
strong support to hypotheses H1, H3.1, H3.2 and H6. 
We further remove the variables “gender” and 
“perceived learning curve” as their effects on the 
hourly earning difference are not statistically 
significant, and incorporate the dummy variable of 
World of Warcraft considering it has much larger 
player base than all the other games. The results are 
reported in Table 4, column (b). There is no change in 
the signs of all variables and their significance levels.  
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The coefficient of “number of months from launch” 
is negative and significant. Following the discussion in 
Section 3, the longer it has been since the launch of the 
game, the flatter is the social hierarchy structure. 
Hence the results provide strong evidence of the 
negative impact caused by the gradient of the social 
hierarchy structure. 
The coefficient of “average social networking time” 
is negative and significant. The coefficient of the 
interaction term is positive and significant. They 
together provide strong support for hypotheses H3.1 
and H3.2. As shown in Figure 1 and Table 1, in-game 
time spent, as measured only for XFire users gives us 
an approximation of the time dedicated to social 
networking in the game. Hence it represents the 
relative non-transferable cost due to in-game social 
networking. Market potential for RMT decreases by 
the amount of non-transferable cost and in turn results 
in a lower price of in-gaming time spent. The positive 
coefficient of the interaction term indicates that steeper 
social hierarchy structures strengthen the negative 
effect of social networking intensity on price.  
The estimated coefficient of “size of provider” is 
positive but insignificant, thus cannot support 
hypothesis H4. Because of the multicollinearity 
problem, we are unable to test hypotheses H5.1 and H7. 
Interestingly, the coefficient of “Micro-payment” is 
significantly negative, a result of competition between 
game service provider and gold farming in RMT 
markets. 
The negative and significant coefficient of an “in-
game auction house” as stated in hypothesis H6 
indicates that games with an in-game auction house are 
associated with approximately lower hourly earning, 
responding to the relatively higher price elasticity of 
supply.  
Interestingly, the coefficient of “Science Fiction 
genre” is significantly positive, which suggests that the 
earnings in games of the Science Fiction genre is 
relatively higher than in games of the fantasy genre. 
Considering the dominant position of fantasy-genre 
games in virtual worlds, this finding suggests that 
popularity may not lead to higher earnings in RMT 
markets. The significantly negative coefficient of 
“World of Warcraft” further supports this point.  
However, the coefficients of “Number of active 
players” and its interaction with “Number of months 
from launch” are not significant. One weakness of this 
study is that the data on exchange rate, the number of 
active players and the average gaming hours were 
captured at one date (Dec.31, 2007) rather than as a 
time-series collection. Considering the fluctuation of 
exchange rates in RMT markets, the estimation results 
are subject to a time-robustness test. Among the factors 
identified in Figure 1, only exchange rates, the number 
of months from the first launch, active players and the 
total gaming minutes among the XFire samples may 
vary over time. Using another set of data collected as 
of Apr. 30, 2008 while keeping the result from the 
original experiment, we repeat the above regression 
and get similar results as reported in Table 4, volume 
(c). 
To conduct a more rigorous check on the 
determinants of price of in-game time spent, we further 
collect three months of data (June, July and August, 
2008) from the corresponding resources listed in Table 
2 and perform fixed effect estimates on the cross-game 
monthly panel data. Since the fixed effects model has 
captured game-varying but time-constant effects, we 
exclude all the variables in Table 3 that are constant 
over time. Thus the remaining model examines the 
impacts of price on the active user base, intensity of 
social networking and their interaction with the social 
hierarchy structure. Incorporating this time series data 
also enables us to check any convergence of price 
within a three-month time horizon. Table 5, volume (d) 
reports the results. The estimation results are consistent 
with hypotheses H1, H2.1, H2.2, H3.1 and H3.2. In 
particular, the coefficient of “Number of active 
players” is significantly positive while the coefficient 
of its interaction with “Number of months from 
launch” is significantly negative. In general, these 
findings suggest that there are two opposite network 
effects on the price of in-game time spent. One is the 
positive network effect from the active user base; the 
other is the negative network effect from the intensity 
of social networking. 
The estimate with month dummies as reported in 
column (e), Table5 manifests the divergence of price 
by showing the significantly positive and increasing 
coefficients of the months dummies. Using the 
subsample of free to play games, the estimate reported 
in column (f), Table 5, further suggests that this 
divergence of price was not exempted among virtual 
worlds with zero transport costs. 
 
6. Limitations  
  
This study is subject to a number of limitations. 
First, the sample of players and their demographics 
(college students) used in the experiment per game (3-
4) may not have been sufficiently representative.  
Second, in the experiment, we only allowed players 
to start from the lowest level in order to minimize the 
manipulation from game settings on players’ in-game 
productivity. It is useful to conduct a measurement 
validity test by inviting players with the highest level 
and to understand if the determinants of in-game 
earning (and their impacts) are sensitive to that level.  
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Third, in the experiment we disallowed players to 
acquire virtual currency via the help of their in-game 
friends. Thus we may underestimate the impact from 
factors related to social networking.  
Fourth, we used the average gaming time for XFire 
users to measure both gaming time and social 
networking time. As discussed in Section 3, the 
samples are biased towards players with preference in 
in-game communication. Consequently, the social 
networking time in games may be exaggerated. 
Fifth, the three-month time period may be too short 
to sufficiently observe the long-run trend in price. 
Lastly, this study does not consider virtual worlds 
with user-generated content which are very different 
from MMORPGs due to the creation embodied in 
virtual goods. This is a direction that we are going to 
pursue in future research. 
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Table 1. Measurement for independent variables. 
Factor Name Measurement 
Active user base, iN  Among Xfire players, the number of players who played game i 
The adverse of intensity of network effects, iβ ′  The number of months from the first launch date; the longer the period, the smaller the intensity of network effects 
Provider input iU  The total number of members in the game development team 
Software and 
subscription 
costs iC  
Pay to play piC  0
p
iC = if  game i is free to play, otherwise 1
p
iC =  
Subscription fee fiC  The monthly subscription fee that the player pays to play game i., for free game, it is 0. 
Game software price siC  0
s
iC >  if players need to purchase the game software package, otherwise 0
s
iC =  
Computing power and digital storage iD  Number of servers for game i 
Micro-transaction iO  
1iO = if players can purchase virtual items with real money from the game provider , 
otherwise 0. 
In-game auction house iA  1iA = if game supports in-game auction house feature, otherwise 0iA = . 
Social networking iW  Among Xfire players, the average number of hours spent playing game i 
 
Table 2. Descriptive Statistics (98 players for 24 games) 
Variable Source Unit Mean Min Max Std. Dev. 
Hourly earnings in US $ Experiment; MMObux, SROGold, and FFXI-Gil USD 0.0059515 4.23e-6 0.0621883 0.0115888 
Pay to play mmorpg.com; &game websites – 0.6531 0 1 0.4784 
Subscription fee mmorpg.com & game websites USD 9.0016 0 14.99 6.8401 
Game software price mmorpg.com & game websites USD 21.8744 0 49.99 17.4804 
Size of the provider Game websites – 665.1939 0 3164 996.1047 
No. of active players Xfire.com – 7475.337 53 108851 23837.45 
Gaming time per capita Xfire.com Minutes 198.92 22.20 421.20 77.89 
No. of months from launch mmorpg.com & game websites – 34.8367 1 104 24.8736 
Micro-transaction mmorpg.com & game websites – 0.3061 0 1 0.4633 
In-game auction house Game websites – 0.5612 0 1 0.4988 
The price 
of in-game 
time spent
Active user base 
Intensity of network 
effects 
Market capacity 
Software and hardware 
costs 
Computing power and 
digital storage 
Fixed costs
Supply elasticity 
Subscription costs 
Demand elasticity 
Micro-payment  
In-game auction house 
Social networking 
Developer input 
Demand Supply 
Software and hardware 
costs 
Figure 1.  The Deviation from EPP
Positive effect
Negative effect
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Number of servers Game websites – 34.1939 1 329 71.7104 
Player’s gaming experience Survey Days 412.5 0 3316 682.7593 
Player’s Gender Survey 1=Male 0.8265 0 1 .3806 
Theme of the game mmorpg.com Fantasy 71.4%, Modern 5.1%, Science Fiction 23.5% 
 
Table 3. Correlations between variables 
Variables V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16
V2 Subscription fee 0.96 1.00
V3 Micro-payment -0.93 -0.89 1.00
V4 In-game auction house 0.46 0.43 -0.40 1.00
V5 Software price 0.62 0.70 -0.71 0.34 1.00
V6 Size of provider 0.40 0.44 -0.37 0.08 0.38 1.00
V7 No. of servers 0.29 0.33 -0.27 0.12 0.40 0.15 1.00
V8 No. of Active players 0.13 0.16 -0.16 0.17 0.37 -0.06 0.94 1.00
V9 Average gaming time 0.07 0.17 -0.03 0.01 0.25 0.28 0.04 0.01 1.00
V10 No. of months from launch 0.08 0.09 -0.07 -0.41 -0.17 0.00 0.11 0.03 0.17 1.00
V11
Number of Active playersXNo. of 
months from launch 0.12 0.16 -0.14 0.15 0.36 -0.05 0.94 1.00 0.02 0.06 1.00
V12
Average gaming timeXNo. of months 
from launch 0.12 0.14 -0.10 -0.29 -0.11 0.11 0.09 0.01 0.54 0.85 0.04 1.00
V13 Modern Genre 0.18 0.21 -0.16 0.21 0.11 -0.13 -0.06 -0.06 0.04 0.10 -0.06 0.08 1.00
V14 Science Fiction Genre -0.02 -0.03 0.06 0.29 0.06 0.06 -0.20 -0.12 0.00 0.00 -0.13 -0.05 -0.13 1.00
V15 Gender 0.18 0.21 -0.16 0.03 0.25 0.08 0.10 0.07 0.11 0.04 0.06 0.06 -0.01 0.14 1.00
V16 Player gaming experience -0.08 -0.07 0.08 0.17 0.04 0.15 0.14 0.17 0.01 -0.10 0.17 -0.09 -0.07 0.11 0.11 1.00
V17 Perceived learning curve 0.08 0.09 -0.03 0.19 0.10 0.16 -0.11 -0.11 0.20 -0.07 -0.11 -0.03 -0.05 0.16 0.05 0.05  
Note: V1 represents variable “Pay to play”. 
 
Table 4. OLS Estimates (Dependent variable: Difference in Hourly Earnings in US Dollar) 
Variables (1) (2) (3) 
Micro-payment -0.01053171***(0.00292313) -0.00970252***(0.00287160) -0.00502806**(0.00208774) 
In-game auction house -0.00616508**(0.00290126) -0.00587662**(0.00282493) -0.00170679(0.00204280) 
Size of provider 4.4e-7(1.13e-6) 5.1e-7(1.10e-6) -2.19e-6***(8.2e-7) 
Number of active players iN  -3.7e-7(1.12e-6) -5.7e-7(1.05e-6) 1.33e-6(1.06e-6) 
Average social networking time iS  -0.00341715**(0.00130474) -0.00371756***(0.00116810) -0.00334689***(0.00121274) 
Number of months from launch iβ ′  -4.8891e-4***(1.3585e-4) -5.2212e-4***(1.2404e-4) -1.4874e-4(0.0001.0463e-4 
i iN β ′×  1.0e-8(3.0e-8) 2.0e-8(3.0e-8) -4.0e-8(3.0e-8) 
i iS β ′×  6.301e-5**(2.629e-5) 6.946e-5***(2.259e-5) 2.79e-5(2.173e-5) 
Modern Genre 0.00226074(0.00450583) 0.00257801(0.00432352) -0.00509547(0.00321315) 
Science Fiction Genre 0.01637622***(0.00263857) 0.01570467***(0.00253197) 0.00465000***(0.00176065) 
gender -0.00214127(0.00247120) – – 
Player gaming experience 3.06e-6**(1.41e-6) 2.96e-6**(1.33e-6) 7.2e-7(1.0e-60) 
Perceived learning curve -8.589e-5(5.9698e-4) – – 
World of Warcraft – -0.02073423(0.03215183) 0.01408789(0.02739113) 
Constant 0.02275580***(0.00631171) 0.02142594***(0.00612378) 0.01582353***(0.00537015) 
Observations 92 98 98 
R-squared 0.554 0.545 0.424 
*** p<0.01, ** p<0.05, * p<0.1 
 
Table 5. Fixed Effect Estimates (Dependent variable: Difference in Hourly Earnings in US Dollar) 
Variables (d) (e) (f) 
Number of active players iN  3.23e-08***(6.38e-09) 3.23e-08***(6.47e-09) 3.40e-08***(5.54e-09) 
Average gaming time iS  -6.12e-09***(1.48e-09) -6.12e-09***(1.51e-09) -6.33e-09**(2.65e-09) 
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No. of months from launch iβ ′  6.56e-07**(2.99e-07) – – 
i iN β ′×  -4.83e-10***(1.40e-10) -4.83e-10***(1.42e-10) -5.15e-10***(5.34e-11) 
i iS β ′×  1.17e-10***(0) 1.17e-10***(0) 1.18e-10(6.45e-11) 
July, 2008 – 1.17e-10***(0) 1.17e-10***(0) 
August, 2008 – 1.31e-06**(6.06e-07) 1.72e-06***(3.78e-07) 
Constant -7.15e-05***(1.81e-05) -4.37e-05***(9.72e-06) -1.68e-05(1.17e-05) 
Adj. R-square 0.485 0.485 0.982 
No. of Observations 66 66 20 
*** p<0.01, ** p<0.05, * p<0.1 
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